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Abet i act 

The  BLAST  Damage  Assessment  Model  was  installed 
at  the  Eastern  Test  Range  IETH)  in  1SR1  to 
evaluate  inadvertent  detonation  hazards  as  a 
function  of  meteorological  conditions.  This  paper 
describes  the  improved  model  and  its  use  both  as  a 
planning  tool  and  operat lona  1  decision  maker  to 
support  launches  from  the  ETH.  The 
meteorological  parameters  affecting  the  model  are 
presented,  their  influence  explained,  and  the 
variability  of  atmospher  ic  propagation  forecasts 
with  different  met eor o log i ca l  conditions 
pt  cuuniud . 

Background 

The  BLAST  Damage  Assessment  Model  addresses 
intermediate  range  effects  of  a  shock  wave  f tern  an 
inadvertent  detonation.  Near-in  areas  or 
overpressures  above  about  one  pound  per  sguace 
inch  (psi)  are  evacuated  and  therefore  are  not 
considered  by  the  model.  At  a  far  enough 
distance,  there  are  of  course  no  problems.  It  is 
the  intermediate  distance  with  psi  of  0.1  to  about 
0.5  which  are  of  concern.  This  area  of  values 
varies  considerably  according  to  local 
meteorological  conditions. 

Intermediate  range  airblast  effects  for  early 
generation  launch  vehicles  presented  little  or  no 
risk  to  nearby  areas,  but  population  one ruac intent 
and  increased  explosive  yields  1 ed  to  probl»m». 
(tie  solution  to  these  prutilians  was  to  impose  vol  y 
conservative  launch  limitations  bused  on  wind 
direction.  The  next  approach  was  to  eliminate  the 
need  for  these  conservative  assumptions  by 
conducting  explosive  tests  to  develop  improved 
overpressure  relationships;  by  analysis  nf  the 
test  data  to  determine  its  appropriate 
utilization;  and  by  model  development  to  reflect 
the  analytical  results.  The  effort  lias  led  to  the 
real  time  operational  use  of  the  BLAST  Dumuge 
Assessment  Model  for  all  Shuttle  launches  and  row 
for  Trident  D-5  launch  operations. 


Ptutolem 

Three  atmospheric  parameters  play  major  roles 
In  sonic  wave  propagations  pressure, 
temperature,  and  wind.  The  re  lat  lonsh  ip  of  the 
speed -of -sound  profile  and  the  focusing  of  shock 
waves  is  based  on  the  following  physical 
principle!  when  the  speed  of  sound  decreases 
with  height,  the  shock  waves  are  retracted 
upwards;  when  the  speed  of  sound  increases  with 
height,  the  shock  waves  are  refracted  downward. 
Many  different  speed -of -sound  profiles  aie 
losslble.  Slwpl  1 1  l«d  example*  aie  I  Mistral  ml  in 
figures  1-4.  It  tliuie  wci  e  no  Change  of  sonic 
velocity  with  altitude,  a  shock  wave  would  ekpund 
spherically.  This  idealized  Case  is  shown  in 
Figure  1  as  the  standard.  Such  an  atmospheric 
condition  never  exists  in  the  earth's  atmospkieie 
where  sonic  velocity  normally  decreases  with 
altitude.  This  produces  sh*jCk  waves  that  bersl 
upward  and  attenuate  (as  illustrated  in  Figure 
2).  Basic  physics  predicts  such  tay-turning  tor 
all  waves  (light,  sound,  etc.).  For  intermediate 
range  airblast  effects,  the  acoustic 
approx  liMt  ion  is  appropr  late.  The  general  rule 
is  that  an  acoust ic  ray  will  turn  away  from  an 
area  of  higher  sonic  velocity  (index  ot 
refraction).  An  inversion  condition,  where  sonic 
velocity  increases  with  altitude,  caps  the  shuck 
wave  and  turns  the  rays  back  to  the  ground 
yielding  an  enhanced  overpressure  (as  illusttuted 
in  Figure  1).  The  greatest  enhancement  aiises 
under  a  caustic  phtpog.it  ion  condit  ion  wtivin  i  in* 
sonic  velocity  tiiot  decreases  ttom  its  suit  ace 
value  and  then  increases  beyond  its  surface 
value.  An  atmospheric  lens  can  then  torus  shock 
waves  to  very  high  amp  l  1 1  icat  ions  relative  to 
standard.  Figure  4  illustrates  this  case. 

Solution 

The  principal  hazards  arising  t r om 
intermediate  range  airblast  effects  are  injuries 
due  to  window  breakage  in  the  nearby  local 
communities.  The  primcpal  inputs  to  the  blast 
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•  Omega  Aim— »t  Model  era  netsorologlcal  data, 
esploaive  yield  and  location,  and  window  survey 
data  giving  the  nuabers  and  lacationa  of  window 
in  tha  naarby  coaannltiaa.  For  aach  30  dagraa 
aactlon  ova r  land,  tha  nodal  computes  tha 
ovarpraaaura  at  aach  window  centroid,  tha  expected 
window  breakage  there,  and  tha  casualty  eatiaete 
(aa  a  function  at  tha  number  of  windows  broken). 
Launch  criteria  are  defined  in  terns  of  an 
acceptable  window  breakage  which  will  not  yield  an 
unsatisfactor lly  high  casualty  estimate.  During 
launch  operations,  tha  BLAST  He  '  is  esarcised 
with  real  tine  ns teoro logical  .  and  tha  model 

results  are  iraspered  to  the  launch  criteria  a 
identify  unacceptable  conditions.  A  schematic  of 
tha  BLAST  nodal  is  presented  in  Figure  5. 
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Fig  5.  BLAST  Mode  1  Schematic 


variations.  These  three  breakage  results  ere 
compared  with  tha  Launch  criteria  to  dtlln* 
unacceptabl 1 i ty.  The  final  column#  llat  tha 
local  surface  temperature  and  tha  balloon  talaaaa 
tuna  foe  tha  rawlnmonde  -lata. 

January  24,  IMS  eshlbited  otuaual  ly  oold 
Florida  weather.  in  tha  cold  air  aaae,  tha  claar 
night  rad  tat  tonal  cooling  craatad  a  aurfaca 
inversion.  With  that  condition,  tha  BLAST  Modal 
indicatad  light  window  breakage  and  therefore  no 
launch  problaa  f  roa  tha  aspect  of  BLAST  daataga. 
After  aunrisa  and  tha  start  of  aurfaca  hasting, 
conditions  changed  significantly.  A  temperature 
inversion  at  about  4000  feat,  combined  with  tha 
aurfaca  hasting,  created  a  caustic  condition 
which  Increased  tha  window  breakage  values  from 
the  BLAST  Model.  Moveaent  of  the  upper  level 
ridge  by  aid  day  resulted  in  a  weakening  of  the 
temperature  inversion  and  a  small  wind  shift, 
sufficient  to  bring  forecast  breakage  back  Into 
limits.  A  change  In  tha  sonic  velocity  along  the 
due  south  radial  can  be  aeon  by  comparing  Figures 
6  and  7.  These  figures  show  the  difference  In 
spaed,  by  altitude,  compared  with  the  surface 
value.  In  each  figure,  tha  vertical  ana  is 
altitude  In  thousands  of  feat  and  tha  nominal 
axis  is  tha  speed  at  that  altitude  substracted 
from  tha  aurfaoe  value  (in  feat  per  aecund).  The 
input  data  for  these  two  figures  are  given  in 
Tables  2  and  1.  Not  a  in  particular,  tha  22 
degrea  wind  shift  at  1000  feet  and  the 
temperature  drop  of  4.2  degrees  at  4lilM  feet. 


Hair  at  lucui  1  1  x.mip  1  a 

Table  1  presents  the  BLAST  Model  results 
eocumu  lated  during  STS-51C  which  was  launched  at 
1440  Eastern  standard  Time,  January  24,  1985.  The 
first  full  colisen  of  data  presents  the  Greenwich 
Mean  Tune  (or  Zulu  Tune)  when  wind  tower  data  were 
obtained.  The  weather  inputs  to  the  BLAST  Model 
for  launch  operations  aonsist  of  low-altitude  wind 
tower  data  (up  to  1S0  meters)  merged  with  upper- 
altitude  rawinsonde  data.  Updated  wind  tower  data 
are  available  mors  frequently  than  updated 
rawinsonde  data.  For  exaixple,  in  Table  1,  25  sets 
of  low-altitude  tower  data  have  been  merged  with 
upper -air  data  from  seven  rawinsonde  releases. 
The  time  difference  involved  in  this  merging 
technique  is  an  area  of  significant  concern.  The 
next  three  data  columns  in  Table  1  present  the 
window  breakage  results  computed  by  the  BLAST 
Model.  The  unvaried  results  (i.e.,  raw  data)  are 
computed  using  the  input  weather  data  to  define 
the  type  and  strength  of  the  propagation 
condition.  Since  the  test  data  analysis  indicated 
that  the  meteorological  uncertainty  contributed 
greatly  to  the  risk,  a  Monte  Carlo  methodology  has 
been  implemented  to  estimate  this  risk.  The 
second  column  lists  the  average  breakage  of  one 
hundred  Monte  Carlo  variations  of  the 
meteoro  liag  ica  l  input  data,  assuming  that  each 
teo^jerature,  wind  Jiroction,  and  wind  speed  value 
13  normally  distributed  about  its  measured  value. 
The  next  column  lists  the  ninetieth  highest 
breakage  result  of  the  hundred  Monte  Carlo 
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TabLe  1.  BLAST  output  for  STS-51C.  Unv  : 
Unvaried;  Avg;  Average  of  100  Monte  Cut  lo  cases; 
90  R;t:  90%  wort  case,  Surface  T\wv:  °F. 


rig  i.  Difference  in  the  velocity  of  sound,  tram 
surface  value,  along  the  188°  anssith  at  17282 
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Table  2.  Oata  input  fot  1  7282  HLA5T  run  iJata 
above  492  f 1  are  tram  riwimonda  released  at 
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Table  1.  Oata  input  to  18451  BLAST  run  (data 
above  492  ft  are  from  rawinsonde  released  at 
181 41) 
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In  m— nry,  use  of  the  BLAST  Damage  Assessment 
Model  nas  eased  prohibitive  lauiuh  restrictions 
by  elieinatlng  the  need  for  conservative 
assumpt ions.  However,  use  of  the  Model  requires 
reasonably  val id  iseteorolog ica  1  input  values. 
Forecasting  problems  occasionally  aocur,  such  asi 
the  magnitude,  altitude,  and  persistence  ot 
tsaperetuse  inversions  and/oc  wind  shifts. 
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